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[11. HOLDI NG TEMPERATURES
A.  COLD STORAGE TEMPERATURES

35 degrees F. rather than 40 degrees F. should be used to store uncured
processed product for any period of tinme |onger than one week.

B. | NTERVEDI ATE HOLDI NG TEMPERATURES

These tine and tenperature guidelines apply to the holding of heated
products before cooling themto 40 degrees F. Products heated above 155
degrees F. then cooled from 130 degrees F. to 60 degrees F. within 2 hours
shoul d remain unadulterated for up to 4 hours if they are:

1. kept below 60 degrees F. during the 4 hours,

2. protected from post-cooki ng contam nation, and
3. cooled to 40 degrees F. within 2 hours, at the end of the 4
hour hol di ng peri od.

C. HOT HOLDI NG TEMPERATURES

Uncured cooked products nay be safely held for up to 4 hours if kept above
130 degrees F., or for an extended period if kept above 140 degrees F. |If
product drops bel ow 130 degrees F. for over 30 mnutes, the processor
shoul d either continuously cool it to neet the tines and tenperatures in
1. B. above, imediately reheat it to 160 degrees F., or condemn it.
CAUTI ON: Processors should not attenpt to hold product bel ow 140 degrees F
unl ess they have established good tenperature control over all portions of
the product. Thus, processors should keep product above 140 degrees F
when it is in transit, in containers without tenperature nonitoring, or in
simlar cases where good control is not established and mai ntai ned.



V.  MONI TORI NG

To safely use these nore flexible cooling rates, processors nust accurately
monitor the product's internal tenperature. FSIS suggests that tenperature
recorders are generally the best and nost econom cal neans. Additional
recommendations for tenperature nonitoring follow

A. THE MONI TORI NG DEVI CE

1. Accuracy: The tenperature recording devices should be both
readabl e and accurate to 2 degrees F. and 5 mnutes within the critical
range. The processor should check the manufacturer's accuracy
specifications before purchasing a unit, e.g., a unit accurate within 1
percent of range and a range of O degrees F. to 250 degrees F. is not
accurate enough. However, a processor can verify that sonme of these
instrunments are in fact sufficiently accurate by careful calibration at two
tenperatures within the critical tenperature range. (See subparagraph 2.
bel ow. )

2. Calibration: Processors should check each new instrunment for
accuracy regardless of the manufacturer's clainms; rough handling during
shi ppi ng can undo the factory calibration. Although electronic instrunents
are resistant to rough handling, they too should be checked. The processors
shoul d calibrate both tinme and tenperature accuracy agai nst known
st andar ds.

a. Tenperature calibration standards: The nost practical and
reliable tenperature standard for this purpose is a nmercury-in-glass
t hermomet er which confornms to the standards of the American Society for
Testing Materials (ASTM. In nost cases ASTMrequires that thernoneters
bearing their initials be accurate within one scal e division. A review of
ASTM St andard E-1, Standard Specification for ASTM Thernoneters, w ||
present the processor with a choice of several ASTMthernoneters having a
maxi mum scal e error of |less than 20 degrees F. The ASTM 64 degrees F
t hernoneter woul d be an excellent choice for calibrating in the range of 80
to 130 degrees F. The ice point at 32 degrees F. is a reference point for
tenperature calibration and is used to detect changes in the reading of the
standard nercury-in-glass thernoneter due to changes in the volune of the
bulb with tine.

b. Calibration procedure: |Inmmerse the probe and standard into a
substance with a uniformtenperature; FSIS recommends a stirring water bath
within 20 degrees F. of the critical tenperature the neasuring device wll
have to nonitor. For these cooling guidelines, a water bath at 105 degrees
F. would suffice, however, calibrating the device at two tenperatures
within the 130 degrees F. and 80 degrees F. range is better.

c. Verifying the accuracy of uncertified thernoneters: A
processor with a thernoneter that the manufacturer does not certify to be
accurate within 2 degrees F. and 5 mnutes may be able to verify that it is
adequate by checking it at several standard tenperatures wthin the
critical tenperature range. For these cooling guidelines, FSIS recomends



verifying that the neasured tenperatures at 130 degrees F., 80 degrees F.
and 40 degrees F. are accurate.

B. TEMPERATURE MEASUREMENT

1. Nunber of probes: The nunber of probes or tenperature
sensi ng devi ces needed varies with the circunstances. Processors should
depend on their QC resources to determ ne the appropriate nunber and
pl acenent .

2. Frequency of nmonitoring: Initially the plant should nonitor
every lot. However, if the plant builds a history of excellent conpliance,
reduced nonitoring should not add unacceptable risk. Processors should
consult with their QC specialists for applications to their specific plant.

C. RECORDS

Processors should keep records of all tinme and tenperature checks for at

| east 1 year, even though the product may have a shelflife of only 60 days.
A record of good manufacturing practice is valuable insurance, and an

i nval uabl e reference for inproving future perfornmance.

V. VARI ANCES | N COOLI NG RATES

These guidelines contain a safety margin; therefore, a small lapse in and
of itself will probably not cause a problemin every instance. However, a
| arge variance or continual small ones constitute unacceptable risk. In

addition, the processor should consider an occasional small variance an
opportunity to find and correct a control problem

A.  UNACCEPTABLE VARI ANCES
| f the nunber of m nutes of product cooling tine exceeds the m nutes of
guideline tinme by nore than 25 percent, the processor should take the
foll ow ng actions:

1. Notify the inspector, the QC unit, and other concerned units
such as refrigeration mai ntenance and producti on.

2. Hold the involved product and examne it for potenti al
adul teration by bacteria, particularly clostridial pathogens. If it is
adul terated, informthe inspector.

3. Postpone further product manufacturing utilizing that chill
facility until the processor has:

a. determ ned the cause of the vari ance;

b. conpleted adjustnments to assure that the variance wl|
not recur; and



c. informed the inspector and the production units of the
determ nations and adjustnents and made any needed anendnents in the
written processing procedures.

| f the nunber of m nutes of product cooling tine exceeds the m nutes of
guideline tinme by any percentage twice or nore in any consecutive 20 day-
period of production, the processor should take the follow ng actions:

1. Notify the inspector, the QC unit, and other concerned units
such as refrigeration mai ntenance and producti on.

2. Postpone further product manufacturing utilizing that chill
facility until the processor has:

a. determ ned the cause of the vari ance;

b. conpleted adjustnments to assure that the variance wl|
not recur; and

c. informed the inspector and the production units or the
determ nati on and adjustnments and nade any needed anendnments in the witten
pr ocedur es.

B. OIHER VARI ANCES

| f the actual cooling tine exceeds a guideline tinme by I ess than 25 percent
once during any 20-consecutive-day period of production, the processor
shoul d:

1. Notify the inspector, the QC unit, and other concerned units
such as refrigeration mai ntenance and producti on;

2. Investigate and determ ne the cause of the variance;
3. Conpl ete any needed adjustnents to assure that the variance
will not recur;

4. Informthe inspector and production unit of the
determ nations and adjustnents; and

5. Make any needed anendnents in the witten processing
pr ocedur es.

VI. ALTERNATE COOLI NG PROCEDURES

Processed Products | nspection D vision based these guidelines on the best
avai lable information and is providing themfor general application. W
will nodify the general guidelines if we have additional information to
warrant it. In addition, Processed Products |Inspection D vision wll
consider alternate cooling procedures which processors may propose for



their specific products and processes.

A. BASI S FOR ACCEPTABLE ALTERNATE PROCEDURES. Acceptable alternate
procedures should be based on reliable information that assures the safety
of the procedure. Either:

1. Oiginal scientific research, developed froma previously
accepted research protocol, which establishes the safety of the alternate
procedure with respect to the probabl e pathogens concerned and identifies
the critical factors; or

2. Aletter or report by a processing authority that the
proposed procedure is appropriate for the product proposed, considering the
processi ng nmet hod, the packagi ng nmethod, the handling invol ved, and the
pat hogens consi dered. This should be supported by an appropriate review of
the relevant scientific literature and any original data.

B. CONTENT OF ACCEPTABLE ALTERNATE PROCEDURES Acceptable alternate
cool i ng procedures shoul d incl ude:

1. A description of the cooling procedure, including:
a. The critical control points
b. A map of the cooling facility and the product arrangenent
within it

c. A description of the cooling facility's refrigeration
capacity and cool ant fl ow

2. An explanation of how the plant will control the procedure,
i ncl udi ng:

a. A product tenperature nonitoring programthat is at |east
equal to that in Division IV of this guideline

b. The product processing procedure including controls over
product formnul ation and conposition

c. Howthe critical control points will be controlled
d. Witten enployee instructions as to how cooling is to be
done, how nonitoring is to be done, and how vari ances shoul d be handl ed.

VI'1. | MPROVI NG PRESENT COOLI NG

We have added this Division to the CGuidelines to help processors
consistently satisfy our recommended cooling rates, thus producing higher
qual ity products and al so saving energy and the noney that energy
represents. We have based the followi ng informati on on our experience with
sol ving cooling problens and the scientific expertise of the USDA s



Agricul tural Research Servi ce.
A. COWDONLY KNOWN FACTS ABOUT COCLI NG

Sone of the nmeans for inproving product cooling are commonly known because
we all are continually exposed to sone formof cooling; wnter w nds, netal
stadi um seats, or cold sw mm ng pools are sone of the exanples. W have
also learned to mnimze the chilling effects of these factors by standing
out of the wnd, sitting on cardboard, or wearing a wetsuit. But we don't
al ways apply what we know i n one context to another. Thus, we have devi sed
this Division to stinulate processors to apply their present know edge to

i nproving food cooling. W have also included two sinplified fornmulas to
aid in quantifying the effect of different cooling practices and added a
cooling practice checklist.

B. HEAT FLOW

Processors planning cooling inprovenents shoul d consi der how heat
noves fromthe product's center to it's surface and ultimately to the
exterior of the plant. A sinplified diagramwould be:

( PRODUCT) ( PRODUCT) ( REFRI GERATOR) ( REFRI GERATOR) ( CENTER) -
>( SURFACE) - >( COOLANT) - > ( EVAPORATOR) - >( CONDENSER) - >( Al R)
(CaL) (CalL)

The rate at which heat flows between these preceding steps is governed by
the laws of heat transfer. By understanding the gist of these |aws, and
applying themto cooling procedures, the processor can inprove cooling
efficiency.

C. PHYSI CAL LAWS OF HEAT TRANSFER

1. Fourier's and Newton's Laws describe the factors affecting heat
transfer fromthe food product until it is ultimately transferred to the
outside environnment. Understanding these laws will hel p you understand how
to i nprove your cooling rate.

A sinple expression of Fourier's |aw of heat transfer is:
g =k x AxdT
Newt on's Law of cooling by convection is:
g =hxAxddT
gis the rate of heat transfer (BTU hr)

k, for Fourier's Law, is the thermal conductivity constant (ice is



1.28; cold water is .32; neat is .29; stainless steel is 9.4)
h, for Newton's Law of Convection, is the heat transfer coefficient
(still air = 0.5 to 5; fanned air = 2 to 20; stirred water = 100 to | 000)
Ais area for heat transfer (sq ft)

dT, in Fourier's Law, is the difference in tenperature between the
surface and center (degrees F.) or in Newtons's Law, the difference in
tenperature between the food and cool ant

L is the distance the heat nust nove (ft)

2. To better understand what these | aws nean to you, i nagine
what woul d happen if you tried the foll ow ng experinents:

a. The effect of "A" & "L": Take two 5 pound warm

nmeat bal | s and mash one to 1 inch thickness, net both, then hang themin the
sane cooler. Experience tells you that the mashed neatball w Il cool
faster; so does Fourier. For the mashed neatball, "A" is higher and "L" is
| ower, thus q, the rate of heat transfer, wll be higher.

The factors are multiplied in Newton's and Fourier's laws. Thus,
hal ving any factor (except "L" ) halves "q", the rate of heat transfer;
hal ving "L", doubles "q"

b. The effect of "A", "L" & "k": Next, take two identical
5 pound neatballs mashed to 1 inch thickness. Put one on a plastic foam
tray, the other on a stainless steel tray, and place both in the sane area
of the cooler. Because the plastic tray conducts very little heat, it
effectively reduces "A" by alnost half (the 1 inch edge would remain the
sane). Conversely, the stainless steel tray conducts heat nore rapidly
than the air and effectively acts as a large fin, thus "dT" wll be higher
at the bottom surface of the neat than at the top. Experience reinforces
this logic; leaning against a steel wall will chill you faster than | eaning
agai nst a wooden or plastic foamwall.

c. The effect of "h" & "dT": The coefficient of heat
transfer (h) for stirred air is approximately 50 times that for still air;
ki ds huddl ed around each other while waiting for the bus would agree.
Movi ng the air across the surface replenishes the air heated by the food
with colder air, thus keeping "dT" at a high value for both Fourier's and
Newton's | aws. Fans are cheaper than lowering the cooler tenperature. |If
you al ready have fans, check to see if all pieces are being exposed to the
nmoving air; you may find sone pieces huddled in the wi nd shadow of others,
exposed only to preheated slow air. Another exanple of "h" is cold water
and air; putting your hand into 50 degrees F. water chills it nuch faster
than putting it into 50 degrees F. air. This is not surprising since the
value of "h" for water is approximately 100 tinmes the value of "h" for air.

d. The effect of "dT": |Imagining an experinment for "dT" is
hardly necessary since it is comon know edge that the col der the cool ant,
the quicker the food will cool; you wear heavier coats on col der days.



However, consider the magnitude of "dT" and how it affects the cooling
rate. A "dT" of 60 degrees F. provides sufficiently rapid cooling for nost
purposes. Beyond that the limting factor is the food' s heat conductance;

i nstead of cooling faster, the surface freezes. Since |ower cooler
tenperatures cost nore, processors mght be able to econom ze by using

cool ant at anbient tenperature (air or water) to bring the product
tenperature to within 50-60 degrees F. of anbient, then noving the product
into the cooler. This would also | essen the heat |oad on the refrigeration
system

e. The effect of "k", "h", "A", & "L": W can bring
several of these factors together by considering the cooling of boxed food.
Boxi ng warm f ood products slows cooling because of several factors: (lI) "h"
is | ow because the food inside is exposed to still air, (2) the box adds an
extra layer of insulation, thus decreasing "k", (3) many small pieces in a
box becone one | arge thermal mass, thus increasing "L" and decreasing "A".
Therefore, it is not surprising to find food remai ni ng above 70 degrees F
a day after putting in into a cooler, if was boxed while still warm Boxed
food can be cooled safely using a sufficiently cold blast freezer; however,
removing a BTU of heat with a freezer costs much nore than renoving it with
a cooler. These are factors the plant managenent shoul d consi der.

f. The thermal conductivity constant, "k": This affects
both cooling rates and tenperature nonitoring. One comon mani festation of
the effect of "k" in food processing is the use of potato nails, alum num
spi kes people stick in potatoes to hasten baking tinme. Because the
al um num conducts heat so nuch better than the potato, it is alnost |ike
cooking the potato frominside and outside at the sane tinme. The principle
wor ks on both cooking and cooling and on neat as well as potatoes.

g. The effect of "k"™ and tenperature neasurenent errors:
I gnoring the effect of "k" can induce errors in tenperature nonitoring if
the tenperature probe is thick enough to transfer a significant anmount of
heat. An exanple of this can be seen by cutting into a roasted piece of
meat, longitudinally, through the hole left by a thick tenperature probe.
The gray area beneath the surface of the neat will follow the hole into the
interior of the neat for sonme distance. The gray area is the neat that has
reached approximately 160 - 170 degrees F. The tenperature probe, because
it transfers heat much better than neat, raises the neat tenperature around
the probe to 160 - 170 degrees F. in less tine. Errors in tenperature
nmoni t ori ng occur when the probe shaft conducts heat to the probe tip and
raises the probe tip to the critical tenperature faster than the neat an
inch or so away. The reverse can happen during cooling when the probe
shaft transfers heat fromthe probe tip and causes an erroneously | ow
r eadi ng.

Following is a list of practices that can mnim ze tenperature
measuring errors induced by "k"; since they have practical limts we
suggest processors use them when practical.



(I') Use probes that are as thin as practical; a 1/8 inch
di aneter probe carries 4 tines the heat that a 1/16 inch di aneter probe
carries; a 1/4 inch dianeter probe carries 16 tinmes the heat that a 1/16
i nch probe carries.

(2) Use probes whose exposed netal shaft is thernmally (not just
electrically) insulated fromthe cooling (or cooking) nmedium

(3) Instead of continuous nonitoring, insert the probe only when
a tenperature reading i s needed.

C. A COCLI NG PROBLEM CHECKLI ST

1. The heat transfer coefficient, "h", for the coolant directly
affects the rate of heat transfer. Since the value of "h" for forced
convection air is approximately 5 tinmes that of still air, the processor
shoul d check the foll ow ng:

a. Does the cooler/freezer have fans?

b. I's the product exposed to the air or is it in a
protective package?

c. Is the air circulating fully around the product or are
sone pieces protected fromthe w nd?

d. Could the product be cooled by using chilled water or
brine? Cold water has an "h" value approximately 50 tines that of fanned
air.

2. Maintaining a large difference in tenperature (dT) between
the product's center and its surface or the product and the coolant wl|l
assure rapid cooling. |If the coolant warns significantly during the
cooling cycle, then the later cooling stages will be slower and the
processor shoul d consider the follow ng:

a. Should additional refrigeration capacity be installed to
cool the anount of product being produced?

b. Is the refrigeration unit running optinmally? For
instance, are all coils clean, are all conpressors properly maintained, are
there no inpedinents to refrigerant flow, and is the refrigerant at optinum
pressure?

c. Is hot product (>140 degrees F.) entering the cooler,
thus overloading its capacity? |If so, could the procedure be safely
anmended to permt the product to cool |onger at anbient tenperature before
nmoving it into the cooler?

d. Is the refrigeration space managed effectively: does
st acked product divert coolant flow, is the insulation effective, is there
excessive traffic through the space, do doors remain open, and could door



baffl es hel p?

3. Although the thermal conductivity constant, "k", for neat is
not high, it is approximately 30 tinmes that of air and over 10 tines the
"k" value for many packaging materials. Thus, the processor should
consi der the follow ng:

a. |Is the product packaged in an insulating material, e.g.
cardboard or plastic foam before entering the cool er?

b. If the product is inside a thin film packaging materi al,
are there significant air pockets acting as insulators?

c. Is the product directly exposed to the coolant or is
there a thin tight film of packaging material between the cool ant and the
product? If so, the cooling problemnmy be el sewhere.

4. The area of product exposed to the coolant is another
controll able factor.

a. Is the product exposed to the coolant on all sides?

b. I's part of the product covered by material with a | ow
thermal conductivity value, e.g. thick plastic lugs or trays? |If so, could
they be replaced with materials with a higher "k" value, e.g stainless
steel trays and |ugs?

5. The longer the path the heat has to travel, the nore tine it
takes. Thus, the processor should consider whether the present facilities
are adequate for |arge products.

a. Can the product size be reduced in one or nore
di mensi ons?

b. I's the product being packed together so that it acts as
one | arge piece?

| f you have questions or want additional information on devel oping
cooling control progranms or inproving your present program please contact
FSIS' s Processed Products Inspection Division at the foll ow ng address:
USDA FSIS TS PPID
Room 2159 Sout h Agricul ture Bl dg.
Washi ngton, D. C. 202050

You may contact us directly by tel ephone at (202) 447-3840 or address
general questions through the FSIS Hotline at 800-535-4555.



